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Introduction 

Cai^/Schenng-Ptough art cwpendy evaluating a new 
antitumor gene therapy agent, It is 3 fecombinant 

adcTKivirus (Ad) expressing a human p53 apopcosjsr-inducmg 
gene that triggers targeted timwr cells to undefgo prograxiuned 
cell deaih (apoptosis). Tumors that are espedaify sensiave to 
^lis type of ^^erapy are tiKise in, which the nonna) v yih i lar p5B 
gene is not functi^ial. For ex^ple, jvMt-ftjnctional (mumnt) 
p53 is expressed in 50% of pati««s wiih primary breast tumors 
and iheir progru5ses are significantiy more grim than patients 
wiih breast tumorss^v^ih funoional p53 genes 12551151- 
Apprt>ximately 50% or more of other types of tumois have a 
non-hmctianal p53 gene, whidt suggests that gene therapies 
such as SA'5S500 that could target p53 mutant cancer cells 
mi^t have wide utility in the treatmmi of cancers. The virus 
has be^ designed to infea susceptible cells, which include 
many types of tumor cells j246633359068J, By doin^ so, the 
vims causes the infected to transcribe die p53 gerws and 
translate the message to a fwieqcnal protein product that will 
cause the tumor cell to undergo apoptosis [24663^2848051, 
Because many cancer cell lines were irrfubited in cell culture^ 
Sdv-58500iSTK)w being tested in clinkal trials in patoits widia 
variety of tumors. 

Vector 

Jbe vector of die p53 g«ie. Ad type 5 (Ad5) is a repUcacion- 
defident vmas, which lacks the genes needed for infectious 
virus replication, ie, p9, EI. EM and £3 116S2S7]. As a result the 
virus can infea a cell bur cannot direct d«t cell to replicate 
infectious virus progeny. Hovvev^, the virus can defiver a 
funct><^ gerie to any cell to whidi i( can attach and 
penetrate. Once uncoated, the p53 geiw can be transcribed and 
trartslated mto a functiona} gene ptodua d\ar will trigger an 
apoptotic pathway. The p53 gene was Inserted into dte Ad 
genome, along with a cytc»ne^}ovirus promoter ihat fecilit^tes 
efficient transcription of *e p53 gene {284805V 



Pharm^c logy 

The antitumor activity of 5di-58500 probably results from 
several modes of inhibition Firstly, *e vector delivers d>e 



OriQinator Canii Inc 

Licensees Gentyme Molecular Onclology, Scnenng-Ptougn 
Coip 

Status Pnas© tn Clinical 

Indications Carrinoma, bver tumor, broast tumor* colorectal 
tumor, lung tumor, leuKemja, neacf and necK tumor, 
melanoma, ovary tumor, neoplasm 

Action Aniic^Kef 

Technology Gene therapy 

Synonyms ACN-SS; ACN-p53 TSG; Aa-pS3; rAd/p53, 
Canji/Schering-Plough: gene marapy {p53), Canji/Scnering- 
Plough 



p53 gene to any cell that it can infea. The sabse(|uent 
transcription and trar^slation ot the p53 gene results in an 
apoptosis-mducmg protein pn>4ua leading to programmed 
ceil death {246630;2&4^32l. Secondly, specialized immune 
cells, called natural killer cells, are activated at the site of the 
tumor, which destroy the tumor cells ijrfected with virus 
vector and some bystander cells' at the site of virus infecnon 
[3800331- Thirdly, the vector itself mediates tumor growth 
suppression [168287). In addition, artirnal studies have 
demonstrated that veaor also reduces the spread or 
metastatic potential of the tumor cells that become irtfected 
with vector [25511 5,284S05]. En additron. Sch-58500 
increases the sensitivity of tumor cells to inhibition by 
£iieirTOtherapeatic agents such as 5-fluourauracil, cisplatin, 
etoposide> doxorxibicin and pacUtaxel (Naaonal Institutes of 
Health) [3800351. In rumor-bearmg animals, padrtaxel acted 
synergisticaily with Sch-58500 to Kill tumors. The rrw>d€ of 
action of this synergism appeared to be an enhancement of 
*e uptake of Sch-58500 into the tumor cells, thereby 
increasing the effective p53 concentration 1284304], 

The veaor is usually admiiustered in d^ie dose range of 1 x 
10* to 73 X 10** total virus particles, depending on dv type of 
tumor 1308167J. The mode of delivery is also lumor^ 
deperulent, eg, it can be directly injected into brain, head or 
rveck rumors, or intmperitoneally for ovarian cancers, or via 
*e hepatic artery for Uver cancers [339443,380035,3800411. 
The vehicle for delivery is often normal saline. When 
injectedx the vector can penetrate one to ten cell layers deep, 
deperuiing on the riature of ^e tissue (380042}. 

Sch-58500 reduced the spread of certain tumors in 
irrununocompromised mice by 60 to 80% 1255U5J. The 
importance of tumor growth suppression of the Ad vector 
itself was demonstrated m mice that were treated wuh the 
potent iiruntmosuppressani, dexamethasone. Tumor growth 
was still suppressed by the p53-mediaied mechariism, but 
not by the virus-mediated suppression of growth (380033]. 
Suppression of NK cell response with annbody thai 
neutralized NK cells gave the same result, ie, inhibition of 
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NK'Wediaied cell destmcuon but no effecr on p53-ia4uced 
programmed mmor cell [3fi0033|. 

Combination therapy with other aniitumor drugs has aUiO 
l>een evaluated in ceU culmre. Sch-58500 was used in 
cowbinatkm with 5ch-66336 (Sdienng-Pk>ugh Reseamii 
Institute). The latter compound is 4 fwnesyl tr4nsfe«se 
u^itor that inhibiis the addition of a famesyl group on RaS 
proteins, whidi ^s an miermediate in an apoptosis pathway 
{325867359068}. This comt>jnaoon was a more potent 
antitumor therapy d:un either drug alone. Greater e^icacy of 
inhibinon was achieved agamst DU-U5 human prostate and 
w^rasjF itansgemc mouse cancer models for Sdv-SSSSO in 
combmant^ with other agents [380033J. The combination of 
Sch-5S50O, cisplatm and padilaxe} was parqcuJarJy potent in 
an ovanan cancer anrnial model AdditiwwJly, Sch-5S5D0 m 
awnbinatian with FDA approved drugs such as ospladn. 
doxorubicin, S-fluomujaal, methotrexate and etoposide 
tesulied in a more potent suppression of nunor ceil 
ptoUfemtion in SSC-9, SSC-15 and SSC-25 head and neck 
tumor cells, SK-OV-3 ovanan tumor ceils, DU-l^ prostate 
tumor cells. MDA^MWbS and KiDA-MB-23l breast cancer 
ceite {16S287], Greater anncan cer activiiy was aJxi pb^rrvrti 
whCTi four human tumor xenogmfc? growing in mice wete 
treated with these combinations [3S003SJ, Sch-58500 was also 
shown to be safe and efjkadoi^ in preventing tumor growth 
of a human colorectal adenocarcinoma in rm/ni* 
anmunodeficienr mice without thymuses (reduced cellular 
immunity) [246635J The m«diamstns whereby a synergistic or 
additive effect was achieved m*^ be due to one drug 
enhancing the uptalce of another, pr one drug enhancing the 
sensitivity of the tumor cells to mhibiSon by another drug. For 
itTStatKe, it was found that the paciitaxel enhanced the uptake 
of Sd>-5^ [mmi ahd^tfiat Sch-58500 rendered cerram 
tumor cells susceptible to d>e other drugs used m the 
combroation therapy [2S4304J. 

Toxicity 

Sch-5a500 was generally well tolerated. However, dwe are 
atooems about the adverse effect of similar Ad vectors, arising 
from the death of a patient receiving gene therapy for 
ornithine transcarbamylase deficiency (OTCD). This has led 
dte FPA to request discontinMation of patient emoUmfint in 
several dinical smdies of Sd^-SSSOQ as a precautionary 
measure until the reason to patient death is deiennzned 



Clinical Development 

A phase l/n clinical trial was carried out to evaluate ^e 
efficacy of Sdi-SSSOO in recurrent ovarian career {380044}. 
but this has since been discontinued. AiHither phase I study 
was used to determine ^ safety and efficacy of Sdi-58500 
in patients with advanced head and neck cancer I339443J. In 
^ study, Sch-58500 was administered by single or multiple 
injection to patients with tumors amerwble to injection 
*erapy. They received four dose levels of vm»8 based oti 
total virus panicles mjected- In preliminary results, 
functional p53 DNA was detected in nrniors by reverse 
transcriptase-polymei^se chain reaction (RT-FCR) in four of 
ten patients whose results were available {3394431, 



A phase I trial was carried our in 64 patients with hepatic 
metastases of colon carKer, head and neck cancer, ovarian 
cane r and melanoma I284304J. Transgenic expression of 
p53 was detected by RT-PCR and was dose^ependeni 
Antibody against the Ad veaor was also detected, although 
if did not influence the expression of p53 withm the tumor- 
In ar^odaer phase I trial involving 62 patients (mcluding 
those with the tumors described above, as well as patients 
with non-small-cell lung carcinoma), 30 of 57 patients 
expressed normal pS3 at the tumor site (2828011. 

70 Patients with brain cancer, head and neck cancer and 
ovarian cancer were enrolled in an efficacy tnal 1284932) 
Those with the head/neck and bram cancers received 10" to 
10" virus particles in one administration. Biopsies were 
taken from 69 of the patients, and m 33 the p53 trariscript 
was d^^cted in a dose-responsive manner. The more 
particles that were given, the larger amounts of p53 were 
detected. 

in a trial 10 determine toxicity, gene expression and irrunune 
response in patients with primary metastatic liver cancer or 
ovoriAn omccr, Sch-58500 was admiAistercd by hepatic 
artery injection or incrapentoneally, respectively [306641]. 
This was a single/multidose trial either with Sdi-58500 
alone or in combitwtion with tra4itior>al anticancer agents. 
Annbody to the virus vector was detected but did not affect 
the dose^ependent expr&sion of p53 at the nimor site. 
Some mild to nwderaie-side effects were observed, which 
ir>duded fever, malaise and anemia. In another study. 30 
patients with hepatocellular carcinoma received a single 
dose of 73 x W to73x 10'^ virus particles {312158). Here, 
moderate toxicity was noted, which included the standard 
symptoms described previously, along with tachycardia and 
hypertension- Greater expression of p53 was detected at the 
tumor site than in the normal cells, although the apoptonc 
index was the same on both the treated side of the bver 
containmg d^e mmor cells and the non-treated side of the 
liver This indicated that normal cells were not adversely 
affected by the treatment and that tumor cells not previously 
expressing p53 did express p53- 

A cornbinatim, single/multiple dose study was undertaken 
irt 41 ovarian cancer patients [312158}, Patients receiving one 
dose were injected wi* 10^" or 10^ particles, and *ose 
receiving mult^>}e doses received 10" to 10" virus partides. 
■Rve recipients of the combination therapy were injected widi 
platiruwn ip, or wid» taxol/carboplatin iv. There were 
moderate side effects, irKauding rvausea and vomiting, and 
p53 was detected at *e tumor site, 80 Patients with head 
arwl rteck mmors received single and multiple doses of Sch- 
58500 (10" to lO** virus panicles) and combination dierapy 
via several routes of inoculation [32S228]. The maximum 
tolerated dose in diese patients was dependent on dte route 
of adminisii^tian, with ip admirustration giving best results. 
Wheri administered iv, some lymphopenia and 
thrombocytopenia were detected. Vector shedding also 
occurred. 

Another phase I ovarian cancer study tising single and 
multiple dosing regimes and combiJ^ation therapy was 
initiated in 36 patients (345^24). For this study, drugs were 
administered ip; although nioderate toxicity was noted 
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(nausea, faugue, hypotension, fever and ^ein;a)^ ^ere was 
a rt^uction in CA-12S tumor marker in 54% of the patients. 

A number of phase U and phase Jl/UI clinical tnals have 
been planned or have commenced. A phase fl study in 
panents with primary or mewstatic liver tumors begun in 
IddS [328228]. These patients received multiple high doses of 
Sch-58500 alone or in combmation with traditional 
antitumor agents, either via the hepatic artery or ip; this 
$tudy has now been discontinued 

A phase n study was carried out to determine the efficacy of 
Sch-58500 in combination with uadmonal chemo- 
therapeutic drugs m panents with liver and colorectal 
cancers. The patients were implanted with a pump to 
deliver the standard drug therapies, such as FLDTR. 
dexamethasone and Leucovir. In 1999, the FDA asfced Canji 
and Schermg-Flough to cease this trial temporarily because 
of safety concerns that arose from an umelared trial in which 
another company was testing an Ad vector and death of a 
patient had occurred [343174^175]. 

A mtUtlcenter phase H trial of Sch-58500 in patients with 
colorectal cancer metastatic to liver coirunenced in May 
1999, along widi a trial m patients with hepatocellular 
cancer metastatic to liver [324279], Several phase IJ/UI 
studies were started in 1999 and 2000, including study of the 
f£ect of common chemothetapeutlc agents used alone or in 
combination with Sch-58500 ip in fiewly diagnosed ovarian 
cancers with the p53 mutation (32^28^28893 J, 



Side Effects and Contraindications 

Most tiials repon few side effects with Ad-p53 when used 
alone, relative to che adverse effects of chemothetapy. 
However, in a repon a pancreatic cancer mal in Germany, 
where the vector was introduced mtr^-arterially, several 
patients eocpenenced mild disseminated intravascular 
coagulatim |36$7fe8j. Addmonally, there is corw!em about 
safety following death of a patient from the University of 
Pennsyivarua study of Ad vector containing a gene intended to 
correct OTCD. Smce 5ch-58500 concepmatly uses ^ same type 
of vector, die FDA has asked Schering-Plough to discontinue 
enrolling patients m ^eveial studies until the reason for this 
death IS determined- 

Current Opinion 

Ihe use of Ad gene delivery vector represents an exqting 
approach to diminating a vanety of tumors deficient m the pS3 
apoptosis-inducing gene. The Canji/Schenng-Plough Ad 
veaor appears to be relatively fiee of side effects when 
administered alone, and in combination with existing 
chemotherapeutic agents it offers an enhanced, less toxic 
alternative to tx^dinonal dwmoiheiapeutics. This evaluation 
however, concludes with a note ol caution 3ecai3se of die death 
of a patient who was administered a i«lated Ad vector in an 
trial conducted at ^ Univetsity of Pennsylvania, further new 
trials of Ad-basisd thetapei^pc agenta have been tempoiarily 
suspended at the request of the FDa [343174]. Ihese trials 
remain on hold, pending demonstration that an appropriate 
Oversight and clinical monitoring program is in place [380063], 



Uoensing 

G0nzyw0 Molecular Oncology 

tn January 1998, Schering-Plough entered into a research collaboration with Cenzyjne Molecular Oncology (CMO) to 
develop gene therapies using GMO s lipid delivery system. The hrst year of the coUabotanon focused on the development of 
a delivery system for the gene p53. Schering-J^ugh will subsequently have the optitm of exclusive license to the tedmology 
for other, as yet undisclosed, gene therapies [273382]. 

ScherlnshPlough Corp 

In October 1994, Schering-Plough formed an alliance widi Canji to develop new cancer treatments based on Canji s p53 gene 
iherapy tedmology. The agreement grants affiliated companies of Schenng-Piough exclusive worldwide licenses to make, 
use and sell p53 tumor-suppressor gene products for human and animal uses. Under the agreement, Schering-Plou^ made 
an initial cash investment in Canji and was to make annual, performance and milestone payments over tfie next several years 
[168987]. Canji was acquired by Sdiering-Plough in 1996 [197761], 
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Literature Claesifications 

Key referttnces re!anng lo the technology and are dassihed according 10 a set of standard headings to provide a quick guide 
to the bibliogrophy. These headings are as follows: 

Cheoustvy. References which discuss synthesis, consttuction and strucn*re-activity relationships. 
Biology: References which disdose aspects oi the drugs pharmacology in ajumals *. 
Met»l>oUsiii: References which d isci^ss tnetabolism, {^nnacokinetics and K>xiaty. 

CUmcat Reports of clinical phase s^jdies in volunteers providing, whete available, data on the following; whedier the 
experiment is placebo-controlled or doijble- or single blirtd; number of patients; dosage. 
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Associatml Patent 
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Prtorlty U5-0S*3579S 3-m ATr-^S 

mvemm Gi«gPfy RJ, Hudng W-M 

Abstract 

A novel method of treatmg cancer is cUuned. Tlie method 
Involves iJte use of a repUc?iDon-coinpettnt targeted Ad 



vector- The vector preferentjaUy replicates m tumor cdU due to 
aqavation oi a tumor-speofic gene regulatory region- These 
vectors can be used as a form of gene therapy to dehver 
^lerapeutic genes to treat cancer. Ad vectori were constructed 
using standard tedmiques to place the Bla gene under it\& 
control of a ntfnor^pecific promoter, AFP. Therapeutk genes, 
such as a cytotoxic gene, were inserted into the Ad E3 re^^on 
The Ad vectors were assessed for th^ replication potiential in 
tumor cell Unas that can and cannot utilize the AFP promoter. 
The vectors of this inventian were at a leplicatKm disadvantage 
conipared to wild-type Ad in d)e AFP-riegative cell linear HLE 
However, tfwy were able to replicate mote efccicntfy in AlT- 
p>ositive tumor cejl lines. 
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Disruption of p53 Junction through mutauon. Or otfief means, 
occurs very freefucntfy in hurmn cancer and is associated Ttnth mi 
unfavorable prognosis in ixarious ameers, Etndmce from m vitro 
and m vwo ttansductUm expenmcnt^ have demonstrated tliat 
ademmral-medmted expression of imld-type pS$ suppresses the 
transformed plienotype of many cell Pfpes and potentiates the 
cytotoxicity of both chemotherapeutic agents anil radiation 
therapy. Recently several phase J studies hax^e euaiuated the safiry, 
ht{4c^icai effect and different rou^ea cf ndimmstratian of 
aOerunnrttl-mediated p53 genif therapy in various tumor types. 
These studuss indicate that odenovirus-mrdiated p53 gene therapy 
and introduction of unhi-typt: p53 into tumor cells represents a 
potentiaJJy valuable too} for the therapy of many types of human 
cancers. This reourw presents an overview of the most recent 
advances in the preclinical and dinical evaluation of adenoiHral 
pS3 gene therapy as as the challenge^ tl*at lay ahead for future 
cUniad studws. ?; 

tntroduction 

Loss of p53 fimction appears to play « central role in a 
common pathway required for the development of most 
human cancers. p53 Mutations have been reported in 
nearly all tumor typcsi and funcnonal inactivation vi p5S 
occurs in more than half of all cancers [Ij. Althouj^h p53 i:> 
not required for normaj development, patients with 
inherited p53 mutations (ie, U-Fraitoeni syndrome) and 
m4ce lacking one or both ^Irfes of pSS develop 
Spontaneous tumors [2,3]. 

Inaoivation of wild-type p53 can result from direct genetic 
mutatioT^ in ^ p53 gene, binding of p53 protein by viral 
onoopioc^ns ot cellular fecton*. or. alteratic^ of subcellular 
localization of p53 prorein [^]- The inability of the cell to 
repair DNA damage leads to the accumulation of genetic 
changes ^at alter cellular resptwises to growth amtrol. This 
has signi^cant impact on the metastatic potential [91, as wdl 
as the response of tumor cells to therapeutic inrervention 
\\0,XI\ In particular, the loss of p53 function has been 
asaoci a ted with an unfevorable prognc3c«s for cancers of the 
lung and breast; among others [12-HJ- 

The p53 tumor Suppressor gene encodes a 393 amino acid 
nuclear phosphoprotem that plays a pivotal role in 
coordinating cellular responses to PNA damage and other 
forms of genotoMC stress. The p53 protein, a se<}ueiu»- 
:&p«9Ciiic DMA transcripuon factor induces or represses die 
expression of multiple genes involved m regulating the cell 
cyde, DNA repair and poptosis 16^J, Acavauon of wild- 
type p53 in re^nse to DNA datnage eith^ causes o^ll cyde 
arrest or mduoes apoptosis While the cycUn-dependent 



kinase inhibitor p2JWAFl/CIPa mediates p53-induced celi 
cycle arrest, the mduction of apopt^isis can involve 
transcription -depend «it (Bax, FasJ and /or independent 
signaling parhway^ (Figure 1) [151. Although the exact signal 

Figure 1. Stgnaling pattiways acpv^tod ny DNA damage to wflo- 
typepSt 






<^S^ — lCE>^< 




Signal pahways imt^ tiam pS3 to cm Qfowm arrest or ^popto^is. 
(A> Sfuna pathway in nomwi cews. (S) Cancer celte nave defects in 
me RD STKJ p53 pamway. (C) Wiio-type aoenovirus ptotefO 
miertereoce wwn in© RD ana p53 pamwsrys »n ir^ectea nomiai cells. 
{CancorJSctAmvoiS. l$99pi$9^}^^ Cc^rignt American 
Cancof SadMf, Bepanwo oy /wrasfton of Wifoyl^ 'nc ^ 
SKttis^uary at John mey d Sons incj 
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pathways leading from p53 to cell growth arrest or 
apopcosb are not fully understood, they are clearly 
regulattid in a tissue-specific marwer [16], 

The p53 gene has become a target for the developmenr of 
new therapeutic strategies for cancer. One approach 
currently under cUnicai investiganon is the mtroducnon of 
wild-type p53 tumor suppressOT gene into tumor celb to 
achieve tumor suppression Preclinical studieb have 
confirmed that the introduction of wild-rype p53 into 
neoplastic cells re&ults m growth suppression and reducuon 
of colony formation m soft agar {ITJ, Studies in nude mice 
indicate that introduction of p53 into tximor cells reduces 
their tmnongematy [17]^ induces apoptosis m tumor 
xenograft models [IS), mcreases sensitivity to several 
chemoriterapeunc ag^ts [11^] aitd inhibits angiogene:>is {20]. 

Considerable effort has been expended to desigt) an effective 
mediod for p53 gene therapy using several different viT*»l 
and iwn-viral gene delivery systems [21-23]. Selection of a 
delivery system for introdiKtion of p53 is important for 
effinmt transduction and sufficienr expressic^ of funcnonal 
p53 protem m vivo~ The ideal vector for gmcr tlierapy vvould 
be available at hi^ titers, be easily reproducible, and elicit 
little to no immime responbe Early stumes using retiovirusr* 
mediated gene transfer of wild-type p53 into bo^ human 
lung cell lines and xenograft models demonstrated that 
expression of wild-type p53 could lead to inhibition of 
tumor cell growth- However, poor stability of ^ese vectors 
and the inability to produce titers of highly infective 
recombinant virus have Umit^ the use of retroviruses as a 
gene delivery system for p53 gene therapy [231, More recent 
studies have focused on the use of adenoviruses and other 
non-viral gene deh^^ety systems. The type 5 adenoviral 
vector is currently the vector of du>xce for in vitro and in vwo 
studies due to its abiUty to transduce both proliferating and 
<juiescent celt>. ease of marupulation,"and abiUty to produce 
high titers of highly infective recombinant virus. 
Additi<»ULlly, the wild-type adenovirus is associated with 
minimal toxicity in horoans. 

The use of adenovirus-medialed gene riierapy to introduce 
the p53 gene into tumor cells is an evolving m± potentially 
valuable approach to the treatment of many types of cancers 
cunn»iUy resistant to ^rapeutic interventioin. The main 
purpose of this review IS to outline the most recent advances 
in Ae prechmcal studies, rlinTf^l development of 
adenovirus-mediated p53 gene therapy, and the challenges 
rtiat lie ahead for future dinical studies. 

Preclinical studies 

The efficacy of adenovirxjs^mediated p53 gene therapy has 
been demonstrated m numerous human cancer cell lines and 
xenograft modeb incjudmg *qse derived from lung, head 
and r\edc, breast, ovary, pancreas, prostate^ brain and 
colorectal canow [22]. Irutial studies using recOfrtibinant 
human adetiovirus^ntaining wild-iype p53 gene under the 
control of either the Ad2 major late promoter of human 
cytomegalovirus or the immediate early gene promoter 
demonstrated *aT intnoduction of the wUd-tj^ p53 gene 
into rumor cdls via these reocrobinant adenoviruses 
inh^ted DNA syrvthews in a p53-^eciiic, dose-dependacit 
manner [21]. In th» study, injectictf^ of Fecombiruint 



adenovirus encodmg the wild-type p53 gerw into the 
peritumoral space of tumors derived from the pSS**^ NIH- 
H69 human small-cell lung cancer cell Une reduced tumor 
growth and increased survival time compared w^th controls. 
The effect of endogenous mutant ^53 on the ability of wild- 
type p53 to suppress tumor cell growth was also assessed m 
a series of 45 human cell hnes that contained either wild- 
type or mutated p53 protein or no p53 protem [241- A 
positive correlation was observed between the percentage of 
tumor cells that were transduced and the antiproliferative 
effects of adenoviral p53 m p^T^ and p53""^ cells. However, 
infecnon with adenoviral p53 had mmimal effect on celh> 
expres;>ing vi^d-type p53- In human xenograft models, 
adenoviral p53 gene transfer suppressed tumor growth m 
p53^ and pSS""* tumors, mcluding tumoni with dominant 
negative p53 mutations, and increased survival times 

Kecendy the combination of adenoviral p53 gene transfer 
with other modahties and in the sert»inzation of 
chemotherapy-resistant disease has been evaluated m a 
variety of tunv>r types. A brief review of the results from 
some of these studies and their clinical applications follows 

Ovman c&ncer 

Based on the regi(»^ nature of the di:>ease and anntumor 
activity in ovarian xenograft models, adenovirus-mediated 
p53 gene therapy is currently being mvestigated m chiucal 
trials for the treatment f)f recurrent ovauan cancer [21,25-31]. 
Mujoo ft al [2S] demonstrated the efEcacy of adenovirus- 
mediated p5B gene therapy in a highly aggressive ovarian 
SK-OV-3 xenograft model. In this study, « vivo treatment of 
SKH3V-3 cells with recombinant adenoviral p53 prior to 
infection into nude mice increased survival by more than 
50% over control animals. Umg-term survival of 166 to 423 
days was noted in an mtrapentoneal SK-OV-3 xenograft 
model treated with recombinant adenoviral p53 [23]. Niehon 
et al [30] observed ijimilar results m a study evaluating the 
efficacy of different dosing strategies m the SK-OV-S 
xenograft modeL Tumor burden was dignificandy reduced 
in all mice treated with adenoviral p53 gene therapy (P S 
0.008). In this study, fractior^ated doses of adenoviral p53 
had somewhat greater efficacy compared with a single bolus 
in|ection (Figure 2) [301- In contrast, no survival advantag 
was obs^ed for adenovirus-mediated p53 gene therapy m 
human 2774 ovariar> ^cenograft model [31]. It is possible that 
the type of p53 mutations and presence of inismatdi repair 
defea in the 2774 cell line may have contributed to ^ lacK 
of p53-iipecific response observed in vwo. 

The antitumor effect of p53 gene therapy was also observed 
m human ovarian caruier cells that were reastant to cisplatin 
[7^\. In this study, infection wim adenoviral p53 resulted m 
a 10-fold increase in sensitivity to osplatm in the osplatin- 
resistant C-l cell line. Cell cycle dialysis revealed that 
ir^fection with adenoviral p53 increased the number of cells 
undergoing apoptosis in osplatm-resistaru cdls in 
comparison with parental cell line. Additionally, in an 
intraperitoneal CA xenograft modd, j?53 gene d^py 
increased survival in more than 50% of the animals, 
demonstrating that p53 adenoviral gene therapy may be 
useful in the treatment of drug-resistant disease. These 
resulis have lead to rtte investigation of intraperitoneal 
adenoviral p53 g«\e therapy for the treatment of plaimum 
and pacJitaxel-resistaAt ovarian cancer. 
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figure ^.mcacy of fractional da3«s versus 9fngf4t> lusd »e3 of p53t 
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Pancreatic cancer : 

Two recent smdifis revealed the annmnusjigeyuc effects of 
ader^ovjrus-niediated p53 gene theiapy in human pvicreatjc 
cmcer both m vitro and in vruo [3233}- Altho«^ tnmsductian 
efgc^sncy varitjd among ihe cell lines tested, adtaKjvirus- 
mediated p53 gene tru^sfer :>i^pressed growth of all human 
pancreatic runw ceJl lines in a dose-<Jependeni mann^. A 4- 
f6{d increase in apoptoric celb was al»£sved in MiaPaCa-2 cell 
Ime at 48 and 72 n f cQowing infection [32]. ^^milar elfects were 
observed in xenografts established kom the:>e cell line^ after 
iniiati«noral ixijectjons of adenoviral p53. 

The applicaticHi p53 gene therapy as an alternative treatmem 
lor bladder cancer has recently been ir^vestigated in an 
orthotopic modd of bladder cancer in rats (34}- In n^^dd. 
intmveskrular admuus(zatiaii of adenoviral p53 resulted in 
tncseased p53 expres^cm ^at corre^Ksided with ateas of 
apcjptodc ceU deadi In tunusr tissues, eased 
tho« are phase I dinical investigations evatuatix^ 
imxavesicular adminisuaiioa of ad^ioviral f63 ^ the 
treatment of locally advanced bladder cancer in progress. 

f^mtocellukw rmrclnoma and intraarterial 

The potential for uitrtt-arterial delivery of adenovirxis- 
mediated p53 gene therapy for the treatzneni of liver 
znoUgnanoes h^ ahio be«i evaluated in a syngwc rat 
modd of hepatocellular carcinoma [35J, For these studies, 
multifocal tumor ruxiules were produced in biaffalo rats 
usmg the McA-RH7777 pSS*" hepatocellular cell line. 
Intrahepaoc arterial delivery of adenoviral increased 
expresslcTi of wild-type p53 and suppressed tumors when 



compared with untreated or modc-ir^fected animals. 
Additionally, intrahepatic anerial dosing with ad«U3viral 
p53 decreased systemic eatposure to adenovirus compared 
with intravenoiis dosing, Based cm these results, a phase I 
dose-escalation study has been initiated to evaluate the 
safety and pocetYtial gene transfer for intra-arteiial 
admmistration of adenoviral p53 in patients with colorectal 
liver meta s tasis. 

Giiobkistorr^ 

Miitations and aberrauons in the expression of the p55 gene 
occur in 30% to 65% of all malignant gliomas, suggesting an 
early role in the initiation of tumorigenesis. Introduction of 
p53 gene into glioma cell lines has been shown to induce 
apoptosis in rumor celt^ eru?oding mutant p53 gene [3637]. 
In dtese studies, introductson of adenoviral pS3 had a 
minimal e^ea on suppressing the growth of ^oma cell 
lines encoding \^riki-type gene. However, the results of 
several recent studies that have mvestigated the 
combination of adfmovirxis-mediated p53 gene therapy with 
loruzing radiation indKate may be a role for p53 gene 
therapy as an adjunct to radiaticHv in the treatment of 
malignant glioma [38-40]. (See 'combinaocm therapy 
section-) 

ttoadar^nacH squamous ceii carcinoma 

Several studies have demonstrated the antitumor effect of 
adenovirus-irtediated pS3 gene therapy in human head and 
neck- squamous cell carcmoma (}d4sCC) cell lines and 
xenograft models (41^]. Adenoviral p53 induced growth 
arrest and tr^oiphological dianges consistent with apoptoais 
in ths Tu'l38 HNSC ceUline and xenograft model I4X.42]. In 
additio n al studies using a subcutaneous microscopic 
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rewdual HNSCC xenograft model that minucs the post- 
surgical environment of head and neck cancer psiti^iti With 
advanced disease, adenovirus-inediated p53 gene thmpy 
:iuppres3ed tumors, regardless of the pS3 s«w>typ« of the 
rumor cells [431- These results have led to tiw mination of 
two phase I studies to determine ^e feaSihtlity and safety of 
p53 g«ne therapy in pati«its with advanced recurrent 
HNSCC- 

Appllcations in ch^moth^rapy-resi^tsnt breast 
cancer 

Seth « itJ {44] evaluated the cytotoxic effects of ad«K>virus- 
mediated p53 gene therapy in two breast cancer MCF-7 cell 
lines selected for resistance to adriamycm (MCF-Adr) and 
imroxantrone (MCF-Mito) In this study, both MCF-Adr and 
MCF-Mito cell lines were 20^ to aO^times more sensitive to 
the cytotoxic effects of adenovital p53 than paraital MCF-7 
cell lines. Infection with 32, pfu/cell of adenoviral p53 
resulted in a 2-fold reducti<m in the ICSO of adriamycin in 
adriamycm-resistanr ceJK Adenovwal p53 infection induced 
apoptosis in both MCF-Adr and MCF-Mito cell lines while 
parental MCF-7 ceil lines Med to undergo apoptosa 
Additionally- infection of a mixed papulatiot\ of MCF-Adr 
and CP^-*- cells with adenoviral p53 sdectively inhibited 
the growth of drug-resistant breast cancer cells and had no 
e^ect on Cf U-GM colony formation fifom the CD34i' cells. 
These data suggest gene therapy nwy be effecnve m 
sensitizing cells to tlie effects of diemotbexapy and also 
support a role for p53 gene transfer in purging sfem cell 
products of patients underg^g autologous bone marrow 
tran:^lantaticH\. I 

Combtnotion of jraditional therapy with 
actenoviru^ni^Iated pS3 gene therai:^ 

Drug resistance that develops in many di^^ent hiunan 
cancers during initial therapy or relapse has substantial 
ux^^ on die overall outcome and success of cancer 
therapy. The loss of functional pSS in different types of 
ttimor cells has been associated with resistance to 
diemodierapeutic agents 14S;46)- The efficacy of oombinmg 
aderw>viru3-mfidjated p53 gene therapy with diemod^iapy 
has been investigated in a variety of different tumor types, 
inchiding cardxwsmas of ^ limg, ovary, breast and colon 

Ctmibirunion with cispbtin 

Adenovinti-mediated p53 gene therapy has been 
deroonstxated to increase d\e sen^vity of a number of 
different tumor types to the cytoto^dc effects of cbplann. 
Fi^iwara et ul [19] were amot^ the first to demonstrate that 
this con^ination had an additive effect on growth inhibition 
of the human lung cancer H3^ cell linei Nguyen «i I51j| 
reported similar results in vino and in viva using p53^ 
human lung cancer H1299 xenograft model where treatment 
of m299 c^ with low concentratiws of osplatin 48 h 
before infection with adenoviral p53 mhibited growth 31% to 
60%. A hig^r level of p53 protein expression and fraction of 
apopvotic cells was observed in cells treated with this 
cmibination compared with cdls mfected with adenoviral 
p53 alone. Systemic adminlsti^tion of dsplaiin befOTe, 
diulng, or after the tntratumoral admitustTation of 
adenoviral p53 aUo resulted in pronounced inhibition of 
tumor growth in the xenograft model. The 

administration of cisplatin before infection with adenoviral 



p53 was the most effective in vivo dosing schedule. 
Additionatly, a second cycle of gene therapy rtrsuhed m 
greater growth suppression compared with a singie cycle of 
therapy [51 J. This combinatton has also been usecj for the 
treatment of non-smalj-cell lung cancer (NSCLC) 152]. 

Smularly, Ogawa ex d [49) demonstrated increased 
iensittvity to cisplatin cytotoxicity in the p53""* WiPr human 
colon cancer cell hne and x^ograff model transduced with 
adenoviral p53. Transduction of Wil>r cells with 50 pfu/ctll 
resulted in a high level of pSS expn^on with no cytotoxic 
effects. Combmadun with cisplatin prodtjced an enhanced 
antitumor effect with highest growth suppression observed 
at 1 Kg/ ml of cbplatin- Admimsrration of intraperitoneal 
<isplatin after mtra tumoral adenoviral p53 significantly 
enhanced growth :iuppres>ion in WiDr xenografts compared 
with adenoviral p53 alone (P < 0.05). Kanamon M al [50J also 
noted significant growth suppression of 5K-OV-3 a?lls 
treated Vith adenovu^ p53 gene therapy and cisplatm. In 
(his study there was a positive couelation between level of 
adertoviial p53 transducnon and increased sensitivity of SK- 
OV-3 cells to cisplatm. Miyake ex «J [53] also noted increased 
sensmviiy of a subcurarusmin HTl.376 human bladder 
xenograft rtu>del to cisplatin following mtroducnon of 
adenoviral p53. Direct injection of adenoviral p53 vector into 
pre-existing tumors, followed by mtraperitoneal 
administration of cisplatm, induced apoppotic destruction of 
tumors. These find^igs suggest that the combuwnon of 
adenovirus-medxated p53 gene therapy and ci&platm may be 
an efficient tool for the treatment of cancer. 

Combination with pa^iitaxei 

Recently, Nielsen €t fd [29] demorwated that combinauon of 
adervavirus-mediated p53 gene therapy with pacUtaxel 
mcreased ^ sensitivity of human head and neck, ovanan, 
prostate and breast cancer to the cytotoxic effects Of 
paditaxel jn vitro and m vivo. In this study, pretreatment of 
cells with paditaxel 24 h before expocsure to adenoviral p53 
or with both agetus simultaneously had eitfier a synergisuc 
or additive effect, depending on the cell line tested. Of 
interest was the observation that concentrations of 
paditaxel which were lower than that required for 
microtijbule conoentratiorv resulted m a dose^^ndent 
increase in transduction c4 cells with adenoviral p53 vector. 
Cell cyde analysis revealed that celliUar response to the 
combination deperwled on the relative conoentratjons of the 
two agents. Hi^ver levels of paditaxel yielded G2 arrest, 
while higher levels of adenovirai p53 resulted in a GO/Gl 
arrest prior to apoptosis. In vtvo, combination of pachtaxel 
and adenoviral |)53 gene therapy produced agmfUant 
reduction in nimor growth in ovarian (SK-OV-3), prostate 
(DU-I45) and nvo breast (MPA-MB 468 and MDa-MB 231) 
xenograft models compared wth either treatment alone. These 
data indicate that coihbitunon of paditaxel arwl adeiiowal p53 
gene Aerapy is effecuve m different turner types. 

Combination with 

Puoer et al I48j evaluated the efficacy of combined 
adenoviral gene ^lerapy with p53 and Ilr2 expressmg 
vectors to stimulate unmune speafic antitumor response 
and tumor regreasi<M\ in a trar^sgemc breast xenograft 
model. Single intratumomi injection of adenoviral p53 (1 x 
10' pfu) and low doses of adenoviral iI-2 (15 x 10* pfu> 
resulted in 65% reduction in tumor size without toxicity. In 
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contrast, rreatment with either vector alone at die ^ame dos*^ 
resulted m deUyed tumor growth- Tumor regression was 
associated with long-ierm immunity, since 50% of mice 
i^jtvamed tumor fret and were immune to rcchallenge with 
fre:ih tumor cejls. Combination therapy was also assoaated 
with development of specific cytolytic T-lymphocyre 
response compartrd With either treatment aJone. 

Combination wHh 

Kataoka et al [54] evaluated the comhmation of adenoviru^- 
mediated p53 gene therapy with 2-methoxyestradiol m 
human meta:»tatic lung catwer cells in vivo as a method for 
improfvlng the effectiveness of p5i gene therapy in the 
treatment of limg metastases. Simultaneous admuustration 
of p53 and 2-methoxye3fradiol resulted m a greater than 
additive reduction, with the lung colony count reduced by 
33% compared wirfi control values. These results suggest 
that the synergistic effect of tht» combmatjon may have an 
application in the systemic treatrtient of lung cancer 

Combination with irradiation 

The effect of adenovirus-mediated p55 gene therapy on die 

radiosensitivity of tumor cells has been the focus ot several 

recent studies 12638^9^5-57]. Spite ^ al [55] examined the 

e^ct of adaioviral p53 gene therapy and iiradiaticn on 

p53^ SW620 colorectal tumor cells in vitro and in vivo, 

Transducnon of ceUs with adisnoviral pSS 2 days prior ro 

itradjation with 2 Gy resulted m 50% to 60% reducnon in 

cell survival via apoptosis compared with cells that were 

mock- or veoorinfected pripr to irradiation. This 

combmaticai also produced ^nificant tumor growth 

suppression in subcutaneous SW620 xenografts pretreated 

with three comjecunve doses of adenoviral p53 prior to 5 Gy 

of irradiatiDn (P < Oiil^^Similar results were obseived in a 

pSy^ SK-OV-3 ovarian xenograft model [26], In dus study, 

intratiunoral admiiustratiw of adenoviral p53 (10* pfu) 2 

days before treatment with radiaoon led' to a 45% reduction 

in tumor size compared With either treatment alone, in 

mocit-infected and untreated controls. 

« 

r , 

Th* abiUty of adenovirus-mediated p53 gene dwmpy to 
sensitize human glioma cdls liiat encode mutant p53 to 
irxadiainon ha:* also been evaluated- Introduction of wild- 
type p5$ into die p53^ human USTMG glioma cell line via 
adenoviral vector Z days before eoqposure to inadiatian (9 
Gy dose) sigittficantly increased Tadiation-induoed apoptosis 
compared with mock-infiected controls (P < OJOOl) [38]. 
Further analysis showed that irradiation c4 U87MG glioma 
cdls injected with adenoviral p53 resulted m increased 
expression both p53 protein and p21 mRNA levejs. 

Badie et al [39] also mvestigared the combii\ation of 
adenovirus-mediated p53 gene dterapy and iiradiatian in a 
rat 9L gUc^arcoma xeru>graft model. Stereotactic Injection of 
adenoviral p53 (10" pfu/ml} into pre-existing brain tumors 
resulted in a modest reduction in tumor v<Huine However, 
administrati<m before radiation produced a significaAt (85%) 
Reduction in tumor size compared with oontrS arumals (P < 
O.O008). Moreover, combination dwrapy iir^roved survival, 
with 29% (2/7) of animab in the coriiined treatment group 
remaining tumor free 2 weelcs alter treatment* Analysis of 
brain tissue from surviving animals in the coinbined 
treatment group revealed no microscopic evidence of tumor. 



Although these results have imponanr imphcaUorto for 
improving the crearment of malignant glioma and mtn<tst4tiC 
bram tumors, further :»rudi£s m human brain turm>r 
xenograft modeh with different p53 status are needed to 
confirm the efficacy of ihis combination m vivo. 

^53-Mediated sensitization of HNSCC cells to ladiodierapy 
hai also been demomtrated in vitro and m vivo 156^] 
Treatment of radianon resistant JS03 HNSCC cell line with 
adenoviral pS3> inhibited growdi in vitro and m vroo v^rhile 
having no effect on normal cells. More significantly, 
introduction of p53 also resulted in a dose-dependent 
reduction in the radiation r^sisranoe. A sin^ dose of 
adenoviral p53 combined with ionia:mg radianon markedly 
enhanced radio&fensitivity of jSQ-3 xenograft with complete 
long-term regression of tumors for up to 162 days, lliefae 
results provide further evidence of the efhcacy of this 
combination and indicate diat adenovual ;3t53 sensitizanon of 
rumors to radiation therapy may significantly reduce the rate 
of recurrence of certain tumors after radiabon treatment. 

Clioicai 9tudiM of 8<ienovjrue-meclmt0d p53 
gene therapy 

Extensive preclmical studies have evaluated the safety of 
using replication-deficient type 5 adenoviral vectors 
t;ncodmg wild-type p53 under the ccwitrol of the human 
cytomegalovirus immediate early gene promoter to transfer 
genes to human cells [21^4]. In these studies, doses of the 
aderu>viral p53 that are cytotoxic to neoplastic cells had httle 
to no adverse effect on normal cells including fibroblasts, 
bone marrow cells, and epithelium from the liver, lungs, 
breast and ovary 141/58^9]. Theiie studies have also 
demonstrated that intratumoral mcrahepatic and 
mtraperitoneal routes of admrnistration with adenoviral p53 
do not adversely affect surrounding tissues- Similar results 
have been reported for phase I >tudi«ss diat evaluated the 
safety and biological effect of ad^iovirus-mediated p53 gene 
therapy in the treatment of primary and metastatic head and 
neck, lung, Uv^, colorectal and ovanan tumors (Table \) 
[52^,62-64]. The results of these studies, just now 
beginning to appear, are summarized below. 

intratumoral delivery 
Non^mall-call lung cancer 

A phase i single-dose rising study has evaluated 
adenovirus-mediated p53 geite transfer m advanced NSCLC 
[S2]. Tumors from 15 patients with incurable NSCUC were 
transduced with one of four doses of sin^ agent adenoviral 
p53 ranging froni 10^ to 10*" pfu/ml- Aderwvual pSB was 
administered as a single bronchoscopic or computed 
tomography (CT)-guided percutaneous intiaruinoral 
injection- The tumors from all pauencs had high levels of p53 
as detected by inununohistochemistry, suggesting mutatiorts 
in the p53 gene. Successful gene transfer arwi expression of 
exogenous wild-type p53 occurred at higgler conc^ntraoons 
of adenoviral p53 (itf* pfu/ml) and vector-related sequences 
were detected m post-treatment bic^ies from six patients. 
Stabilization of tumor growth was achieved in four of these 
patients and no cMni^y significant toxicity due to p53 
therapy was obyerved [52]. 
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T«t>lo 1. CompteM Clinical Trials of odonovirus^nw^tod pS3 gene tfterspy. 
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Rdfftronce 


NSClC 




Stable disease Mas acruevBd in4/i5 


[52] 


NSO-C 


or w^tnou^ iv ospiasn 


10% )>aniaf response. 

61% staple disease. 

25% proqress^^ disease, 74% staole 

csisease tor CDDPt- adp^ 


[60) 


Advanced recuneni HNSCC 




N/A 


[62] 


HNSCC 


10* to 10" ptu over 2 we&Ks lo 6.5 
montns 


18% staDid disease, 
6% partial re^>onse. 
3% compteta response 


[63] 


Ovartan 


7.5 X 10* TO 7.5 X 10** partdes 


N/A 


(64] 



NSCUC = nofhsrnafl-cefl l«ng cancer, hnSCC = human neaq and nech squamous ceM carcinoma. CDDP = cispiatin (as- 
diammineoicruofoplacinumd f ))' 



Additionally, xhn safety and therapeutic porantial of 
aderw>vua| p5S g^e therapy with or without osplatin m 
patients with advanced NSCXC who iailed conventional 
therapy evaluated 160,61], In this study^ 28 patients 
(S9% before radiation and 75% before diemotheiapy) were 
treated with or without inEfavenous cisplatin 3 days prior to 
bronchoscopic or CT-guided percutaneous intrarumcn^ 
infection of escalating doses of adenoviral p53 CIO* to 10'* 
phi) {61]. Patients received up to six intranrnioral mjections 
of adenoviral p53 at monthly intervals. A total of 84 courses 
were adnuzu:»tered, with 56 dose> (67%) being repeat 
injections. The majority of patients (^%) received up to 
three courses of adenoviral p53, while 11%. 7% and 14% 
patients received four, five aiui ^ courses of adenoviral 
p53, respectively. Adenoviral p5S was weU-tokrated and 
produced Utde toxicity. Vector-related sequences w^e 
detected in post-treatmept biopsies. Of die 25 pati«its 
evaluable for tmnor respc»\se, two achieved a partial 
rej^nse, 16 demonstrated stable disease and sev^ 
progressed after treatment with adenoviral pS3 alor^. 
Transient local control of disease ranged from 2 to 14 
months, and more than 50% reduction in tiunor size was 
observed in two patients who received six courses of 
adenoviral p53 [61). a cohort of* nine addidonal patients 
received adenoviral p53 in ooinjiTnctiDn with dsplann given 
at a dose ai 80 mg/m' intravenously over 2 h, 3 days before 
injection with adenoviral p53 [60]. Stabilization <^ disease 
was slighdy higher {74% CDDP-^ adp53 verses 61% fQt 
adpS3 alone) in this cohon of patients oompared with those 
wiko received adenoviral p53 alone* An analy:>is of fetors 
that affect disease progression revealed hig^ doses of 
adenoviral p53, conconrutani dsplatin ^era^^ and increased 
apc^to^ asderm^!>strated by in stru DMA rucic end lab^tf^ 
stairung of tumor ^>ecimens were associated widi enhazKied 
time to progression I61j. These encouraging results have 
precipitated the design of a phase U study to as5e:is the 
efScacy of ad^K^vm^mef^ied p53 garie ^lerapy in 
combination with radiation. 

Advmcea recurrent tw9€l mdrwcksqimmaus oell 

Two phase I cUrtical studies have evaluated the safety and 
bu^ogical activity of adenoviruii-mediared p53 gene 
therapy in patients with resectable and non-resectable 
advanced recurrent HNSCC f6a,63]. In one study. HNSCC 
tumors from 25 patients were transduced with adenoviral 
p53 at doses ranging from 10' to 10"* pfu f62j. A singl 



itqection of either 73 x 10' pfu. 7S x lO*" pfu or 75 x 10'* 
pfu was administered to three groups of three patients 
eaclv respectively. Multiple injeaions of either 7.5 x 10'* 
pfu or 1-5 X 10" pfu were administered to six patients and 
10 patients, respectively. Of the patients who received 
muinple injections, three patients at the 7.5 x 10'* pfu 
dosage level and six patients at 1,5 ^ 10" pfu dosage level 
received chemotherapy concurrently. Successful 
transduction of tumor was observed in four of 10 tumors 
examined and response to dverapy was observed in one 
patient [62}. * 

Clayxnan al [63] also evaluated the safety and 
dierapeunc potential of adenovirus-mediated p53 gene 
therapy m patients with resectable and non-resectable 
advanced recurrent HNSCC, In this study, 33 patients 
received multiple intratumoral doses of aderuiviral p53 
alone ranging from 10^ pfu to 10*' pfu over a cour&e of 2 
weeKs to 6.5 months. In pati^ts with non-resectable 
tumors, objective tumor regression of > 50% was observed 
in two parientb, while stabilization of disease for up to 3.5 
moruhs was achieved in another six patients. 
Additionally, one patiem with r^^sectable disease was 
considered to have achieved a complete pathological 
respon=ie in that no viable tumor wa> foimd in the 
completely resected speamen (63J- Ba:*ed on these results, 
a phase U study is currently examining the effect of 
adenoviral p53 gene therapy on response rate, dur^ition of 
re^nmse, time to progression, overall survival, and 
quality of life in pati^ts with recurrent HNSCC 

IniraperHonml delivery: Recurrent omriert cancer 

The e£&::acy of intraperitrmeal pS3 gene therapy alone or in 
combinatjon with chemotherapy was evaluated xn 37 
women widi advanced ovarian cancer that was refractory to 
GOnveruional therapy [64]. Fanents received a single dose of 
adenoviral p53 ran^g from 7.5 x 10*" to 7^ x 10** particle 
nuiT^>er (pn)- Expression of txansgene was detected by 
reverse transcriptase polymerase chain reaction (RT-FCR) in 
some tumor sanies at the lowest dose level and 
cc^iSistendy at the 75 x 10'* pn dose level and above. Once 
the safety ci single injection was established, patients 
received multiple daily doses of ad^oviial p53 rar>ging 
from 73 X 10" lo 75 X 10** pn concurrently with 
chemotiierapy every 21 to 2S days. The highest dose 
evaluated was 7.5 x 10" pn daily for 5 days concurrently 
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with cbenrvotheiapy and W4S well-role^aied with iruld 
analgesic w4 antipyretic prc^hyUxis [64J. The nummuin 
[D]eraied dose for thi^ ^mdy wa:» not identified. Overall the 
intraperitoneal admimstiBnon of adwioviral p53 gene 
therapy W4S well-tolerated I64j. Further phase I studies 
continue to evaluate intraperitoneal p53 gene therapy alone 
or m coinbuiation with other chemotherapeutic agents for 
The treatment of advanced, recurrent, or persistem ovarian 
cancer, as well as in the treatment of platinum- and 
pacUtaxel-resi^ant ovanan cancer. 

Intmheputic art^rlsf delivery: Colorectal liver 
m&tssUtsh 9rKl hep&toceU^lar carcinorw 

A phase I dose-escalation study has been initiated to 
evaluate the :>afi;ty and gene transfer for zntra-arterial 
adnrunistration of adenoviral p53 m patients wath colorectal 
liver metastasis and hepatocellular cardnoro [65}. 
Currently 16 patients with immunohistochemical evidence 
of p53 mutation have been enrolled. Cohorts of three 
patients each have received doses of adenoviral p53 
beginning at 7.5 x JO" pfu and escalating to 7^ x lO" pfu. The 
maximum volerated dose was defined at Z5 x 10*^ pfu. 
Expessiofi of transgene has been detected in the tumor by 
RT-PCR at the 2.5 X IQ*' pfu dose level [65]. Intra-artenal 
administration of aderioviral pS3 gene therapy has been 
well-tolerated and evidence of dose-limiting toxicity has 
been observed at the highest dose level [Horowitz JA, 
unpubh^^ data]. Evaluation of dose-escalation of 
adenoviral p53 combined with d»emotherapy continuesL 

The results of these phase I st&ies demonstrate that 
intratumoral, intraperitoneal and intrahepatic artoial 
delivery of adetioviral ,g«ve therapy is well^okrated 
and results in the successful expression of wild-type p53 into 
various fumor types. Anecdotal reports of clinical responses 
support further investigation. Several additional studies 
have been imtiated to evaluate the use of adenovirus- 
mediated p53 gene therapy in ^ rreatment of other 
malignandes, including bladder cancer and malignant 



ghoma (Table 2}. Phase 11 studies hav*? been irutiatea to 
further evaluate adenoviral p53 gene therapy in thu 
treatment of HNSCC, NSCLC, and ovarian and colorectal 
cancers. 

Issues for addno^rtiG-mediated p5J gene 
therapy 

The above preclinical and dinical phase 1 studies confirm 
that the exoga^ous ttansgejie can be expressed m tumors hy 
varK)us routes of admmistratioa ther*ffore confimrung the 
proof of concept- The largest ob:5tacle to buman gene 
therapy is the delivery of The transgene to the rumor bite. 
This issue affects all delivery systems identified to date- The 
issns specific to adenoviruses is the rapid clearance of the 
vector and induction of host immune response to the 
adenovirus. This may rc:>ult m the re<5mrement for lu^ier 
doses of adenovirus to overcome thiS obstacle, or tt>e need 
for ^e vector to be delivered by intratiunoral or regional 
intrahepatic artery or mcraperitor^eial route. 

Mo:»t advanced mahgnancies are ^ys^temic in nature, and 
delivery by intratumoral or regional route;* place 
limitations on gene therapy. The development of 
alternative delivery systems, and means by which this 
delivery system can be admimstered sy^itemically, are 
under mvesrtgation. Until sjich alternatives are available, 
the addition of systemic chemotherapy enhances this form 
of novel therapy for advanced disease. It is encouragmg 
that the individual patient's pxe-existmg immunity to 
itdenovirus has not precluded expression of the exogenous 
transgene (Figure 3) [52] and that the safety profile of 
the^e agents when cotnbined with chezr\otherapy are 
acceptable. The impact that this unmunity has on the dose 
mtensity, however, can be inferred. In addition, it is 
encouragmg Uiat the wide tissue tropism of the 
adenoviruses has not resulted in undue or uiunanageable 
safety i:jsues, despite published preclinical models where 
hepatic toxicity was observed [50,66,67J. 



TaM 2. Ongofng ctininl trials of udeiiovtrus^inedittiMS pSS^im therapy. 
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Figure 3. Ow^lopment of n«utr«)zifls anifpocff^s Bg»in«i ^Oenovirai vocior f oftowlng ths first ireamtent with adM) vtrsl pSS. 
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Conclusion 

The results of predinical and dirocal snidies have 
demoiuitrated that adenovuus-medwted g^ne therapy is a 
safe and efEdenf method for the introduction of the wiid- 
lype p53 geoe in a vanety of human canoeis. It is clear that 
the treatment of rumor celJs vp!d\ adenoviral p53 causes 
tumor regrfc^ort Evidence frox^ m zitto and m vm> :>tudies 
indicate that adenovmis-mediated p53 gene therapy 
potentiates the cytotoxicity of both chemo^erapeutic agents 
and radiation therapy Jn a variety of cancers. Results from 
initial duucal scudies "T^ave confirmed the safety of 
adenoviius-rnediated p53 gene ttverapy- Future studies will 
be needed to determine the efficacy of adenovirus-mediated 
p5S gene therapy and its role m the mai^agement of cancer 
patients. Sudh studies are xmdeiway. 
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Successful AdenoYirus-Mediated Wild-Type p53 Gene 
Transfer in Patients With Bladder Cancer by Intravesical 

Vector Instillation 



By Juipen Kuball/Shu Fen Wen, Joachim Leissner, Derek Atkins, Patricio Meinhardt/ Eriinda Quijono, Heidrun Engler, 
th Hutihins, Daniel C Maneval, Michael J. Grace, Mary Ann Fritz, Stefan Storkel, Joochim W. Thuroff, Christoph Huber, 

^ and Martin Schuler 



Purpose: To study safety, feasibility, and biologic 
activity of adenovirus-mediated p5 J gene transfer in 
patients vsdth bladder cancer. 

PaHents an d Methods : Twelve patients with histo- 
logically confirmed bladder cancer scheduled for cys- 
tectomy were treated on doy 1 with a single intratu- 
moral injection of SCH 58500 (rAd/p53) at cystoscopy 
at one dose level (7.5 x 10" particles) or a single 
introvesicol instillation of SCH 58500 with a transduc- 
tion-enhancing agent (Big CHAP) at three dose levels 
(7.S X 10" to 7.5 X 10'^ particles). Cystectomies were 
performed in 11 patients on day 3, and trqnsgene 
expression, vector distribution, and biologic maHcers of 
transgene activity were assessed by molecular and 
immunohlstochemical methods in tumors and normal 
bladder samples. 

Results: Specific transgene expression was detected 
In tissues from seven of eight assessable patients 
treated with intravesical instillation of SCH 58500 but in 

AN ESTIMATED 261 ,000 new cases of bladder cancer 
are diagnosed worldwide per year. Bladder cancer is 
prevalent in the developed countries, where it affects mainly 
men and is frequently associated with a history of tobacco 
smoking or some occupational exposures, and in Northern 
Africa and Western Asia, where it is related to endemic 
infection with the parasite Schistosoma mansonii} In the 
Western world, 70% to 80% of patients present with 
superficial bladder tumors, which can be treated with 
transurethral resection.^-^ However, patients with less dif- 
ferentiated, large or multilocular bladder tumors as well as 
patients with cardnoma in situ or stage I bladder cancer are 
at high risk for tumor recurrence and development of 
muscle-invasive disease or distant metastases.'*'^ Treatment 
strategies for such high-risk patients include local resection 
with close surveillance,^ local resection and intravesical 
therapy using bacillus C^ette-Guerin or cytotoxic 
agents,^^ or radical cystectomy with urinary diversion or 
reconstructive surgery.^-*** Radical cystectomy provides op- 
timal control of the bladder tumor, but at the pride of organ 
loss. Intravesical and systemic medical therapies have 
substantial toxicities and bear the risk of local recurrence or 
tumor progression. Thus, new bladder-preserving treatment 
options for high-risk bladder cancer are required. 



none of three assessable patients treated v^rith intratu- 
moral injecHon of SCH 58500. Induction of RNA and 
pratein expression of the p53 target gene p21/WAn 
was demonstrated In samples from patients treated 
with SCH 58500 insHllation at higher dose levels. Dis- 
tribution studies ofter intravesical instillation of SCH 
58500 revealed both high transducrion efficacy and 
vector penetration throughout the whole urathelium 
and into submucosal tumor cells. No dose-limiting tox- 
icity was observed, and side effects were local and of 
transient nature. 

Conclusion: Intravesical instillation of SCH 58500 
combined v^th a transduction-enhoncing agent is safe/ 
feasible, and biologically acrtve in paHents wiHi blad- 
der cancer. Studies to evaluate the clinical efficacy of 
this treatment in paHents with localized high-risk blad- 
der cancer are warranted. 

J Clin Oncol 20:957-965. © 2002 by Amencan 
Society of Clinical Oncology. 

Mutations of the p53 tumor suppressor gene are the most 
common genetic alteration in human cancers." The role of 
p53 in the prevention of oncogenic transformation, mainte- 
nance of genetic stability, and sensitivity to commonly used 
cancer treatments is well established.*^'*^ In some but not all 
studies, nucliear accumulation of p53 as an indicator for 
mutations in the p53 DNA binding domain was associated 
with an adverse prognosis in patients with bladder can- 
cer.'"*"*"^ Hence, somatic gene transfer of the p53 tumor 
suppressor is an attractive new treatment modality for 
malignant bladder tumors. Preclinical cancer models have 
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demonstrated that the expression of p53 by viral or nonviral 
gene transfer technology effectively induced apoptosis or 
sensitized cancer cells to drug- or radiation-induced cell 
death.^* These results have fostered the translation of p5 3 
gene therapy into early clinical studies, which were con- 
ducted in padents with advanced lung, head and neck, 
ovarian, or liver cancers.^^'^ Using intratumoral injection 
of adenoviral^*^^^ or retroviral'^ p53 expression vectors, 
local transgene expression^°-^^ and evidence for local tumor 
regressions and induction of apoptosis'^-^ were reported 
from several phase I and pilot studies. However, die only 
controlled phase II study in patients with newly diagnosed 
advanced non-small-cell lung cancer (NSCLC) failed to 
demonstrate a significant clinical benefit from local p55 
gene transfer by intratumoral vector injection^ in combina- 
tion with an effective first-line chemotherapy.^ One reason 
for this apparent clinical inactivity might be insufficient 
gene delivery and transduction after intratumoral injection 
of adenoviral p55 expression vectors. Systematic studies of 
these important parameters, however, are absent in cancer 
patients. 

One way to overcome the potential limitations of the 
intratumoral injection approach is the instillation of high- 
vector doses into cavitary organs, such as the pleural 
space,^^ peritoneal cavity, or bladder. This should aUow a 
homogeneous vector distribution along the tumor surfaces, 
as opposed to a vector distribution along the track of an 
injection needle. Preclinical studies have demonstrated the 
feasibility of this approach and have highlighted the impor- 
tance of the addition of transduction-enhancing agents to 
maxinndze transgene expression in the bladder,^-^* 

To address this hypothesis, a study of safety, feasibility, 
and biologic activity of an intravesical instillation or an 
intratumoral injection of an adenoviral expression vector 
encoding wild-type p53 (SCH 58500) was conducted in 
patients with invasive bladder cancer. To allow assessment 
of vector distribution, transgene expression, and induction 
of p53 target genes or additional markers of biologic 
activity after the study treatment, only patients scheduled 
for radical cystectomy were enrolled onto this trial, enabling 
extensive tissue sampling for these analyses. 

PATIENTS AND METHODS 

Patients 

Adult patients with histologicaUy confimied, muscle-invasive blad- 
der cancer and indication for radical cystectomy were eligible for 
enroUment Additional inclusion criteria were a life expectancy of at 
least 3 months, a Karaofsky perfonnance score of at least 70%, and the 
absence of any clinical or laboratory evidence (WBC count ^ 3,000/ 
mL, absolute neutrophil count > l,000//xL, platelet count S: 100.000/ 
yh, creatinine < 1.5 mg/dL. bilirubin < 1.5 mg/dL. AST and ALT < 



1.5 times the upper Dmit of normal, and prothrombin and partial 
thromboplastin times within normal limits) for dysfunction of the 
hematopoietic. Uver, renal, or coagulation systems. An interval of at 
least 4 weeks between prior chemotherapy, radiation, or major surgery 
was mandatory. Pregnant or nursing women, fertile women not 
pr^ticing medically accepted contraception, patients witij uncontrolled 
serious bacterial, fungal, or viral infections, human immunodeficiency 
virus-positive patients, and immunosuppressed patients were not eli- 
gible. Molecular or inmiunohistochemical evidence for an intratumoral 
p53 mutation was not required for eligibility, AH patients provided 
written informed consent After written informed consent, control 
tissue samples were obtained from patients with advanced bladder 
cancer or patients with nonmalignant bladder disease treated by 
cystectomy. 

Study Design 

This was an open-label, smgle-center, phase I dose-escalation smdy 
of a single intratumoral injection ^art A) or a isingle intravesical 
instillation (part B) of SCH 58500 (rAd/p53). Three patients were 
freated at each dose level, and dose escalation proceeded if no 
dose-limiting toxicity was observed. A dose-limiting toxicity was 
defined as any Worid Health Organization (WHO) grade 4, toxicity or 
any WHO grade 3 toxicity lasting more than 1 week. Adverse events 
that were clearly related to cystoscopy, catheter placement, cystectomy, 
or palliative treatment to the tumor were not considered dose-limiting. 
The protocol was approved by the local etiiics committee (Bezirksar- 
ztekammer Rheinhessen) and the National Regulatory Office (Kbm- 
mission Somatische Gentherapie der Bundesarztekammer). The smdy 
was conducted according to the Declaration of Helsinki (amended 
version. Hong Kong, 1989) and following the principles of good 
clinical practice. 

Study Treatments 

SCH 58500 is a replication-defective recombinant adenoviral vector 
encoding the complete human wild-type p53 cDNA.^ Doses were 
7.5 X 10" particles in level 1, 7,5 X 10*^ particles in level 2, and 7.5 
X 10" particles in level 3. Patients treated in part A received a single 
intratumonaa injection of 1 mL SCH 58500 in a standard saline-based 
solution^** at cystoscopy on day 1. Patients treated in part B received a 
single intravesical instillation (total volume, 120 mL) of SCH 58500 in 
20 mg/mL solution of Big CHAP, a transduction-enhancing agent,^ 
through a transurethral catheter on day 1. After instiHation, the 
catheters were blocked to allow a contact time of 60 minutes, followed 
by release of the catheter and extensive bladder irrigation with saline. 
During the course of the study, the vector instillation was divided into 
two sequential administrations of 50% of the vector dose each. The 
planned contact time for each half dose was 30 minutes; the second 
instillation immediately foUowed the release of the first dose. After 
treatment, all patients were hospitalized in single rooms in a biosafety 
environment at the stody center for at least 24 hours or until adenovirus 
shedding was no longer detectable. Approximately 48 hours after 
vector administration (day 3), aU patients underwent routinely sched- 
uled radical cystectomies, which were not part of the stody treatment 

I- : . 

Study End Points 

The primary objective of this study was to assess the safety, 
feasibility, and toxicity of a single dose of SCH 58500 administered by 
intratumoral injection (part A) or by intravesical instillation (part B) in 
patients with invasive bladder cancer. Secondary end points were to 
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assess vector distribution in normal and malignant bladder tissue, 
transgene expression, and markers of biologic activity in samples 
obtained at cystectomy. 

Clinical Monitoring 

Patients were closely monitored for adverse events for- the first 7 
days after study treatment. After ho^ital discharge, the patients were 
followed bimonthly for I year at the study center. The monitoring for 
the first 7 days after treatment included assessment of clinical symp- 
toms, physical examination, monitoring of vital signs, Kamofsky 
index, concomitant medication, and recording of adverse events. 
Hematology, serum chemistry, and urinalysis were performed before 
treatment and on days 1, 2, 4, and 6 and during foUow-up visits. 

Virology Studies 

Adenovirus shedding was monitored in urine, stool, or rectal swab 
specimens by means of a qualitative enzyme-linked immunosorbent 
assay (ELISA) before treatment on days 2 and 3 and until no 
adenovirus shedding was detectable.^ In addition, urine samples were 
coUected at multiple time points after study treatment and were 
examined for the presence of infectious adenoviruses by a flow 
cytometry-based infectivity assay.^ 

Detection of SCH 58500 DNA and Expression of 
Transgenic p53, p21/WAFh and the Coxsackie and 
Adenovirus Receptors 

SCH 58500 virus DNA, vector-specific transgene expression, p53 
target gtnc p2I/WAFI expression,^!'^^ and Coxsackie and adenovirus 
receptor (CAR) expression were assessed in tumor samples and normal 
bladder tissue obtained at cystectorhy by reverse transcriptase polymer- 
ase chain reaction (RT-PCR), as described previously,^ and quantita- 
tive real-time PCR,''-^ as described previously.^' In brief. DNA and 
RNA were coextracted from firozen bladder samples using Trireagent 
(Molecular Research Center, Cincinnati, OH), Extracted RNA was 
DNased, and PCR was pwformed to ensure no DNA contamination. 
Real-time quantitative PCR and RT-PCR w^e performed using the 
ABI 7700 sequence detector (Applied Biosystems. Foster City, CA). 
The GAPDH gene was used as an internal control to assess the quality 
of assay samples. Gene expression results were expressed as number of 
copies per 1,000 copies of GAP0H. SCH 58500 DNA was quantified 
by comparison to viral DNA extracted from purified SCH 58500 virus 
(Qiagen, Valencia, CA). cRNAs were used as staiidards to quantiiy 
p53, p2l and GAPDH gene expression. The sequences of the oligo- 



nucleotide primers and probes are listed in Table 1. Primers for SCH 
58500 gene and its expression were designed specifically to amplify 
SCH 58500 but not the human p53 gene. Whenever possible, assays 
were performed on at least two different samples of tumor or nontumor 
tissue per patient Bladder tissue samples obtained from patients with 
advanced bladder cancer^ not treated with SCH 58500 served as 
negative controls. A cutoff level for positive real time PCR samples 
was set as the detection of at least 10 copies per reaction.^^ 

Analysis of Tissue Sections 

Localization of SCH 58500 was assessed using a direct in situ PCR 
method.^* FormaUn-fixed paraffin-embedded tissues were cut into 
5-pm sections, placed on in situ PCR slides, and baked for 2 to 3 hours 
at 60°C on a slide hot plate. The slides were washed in xylene to 
remove the paraffin, followed by an incubation with 0.02 N HQ and 
digestion with 2.5 ptg/mL proteinase K (Qiagen) at 37°C for 30 
miriutes. The endogenous alkaline phosphatase activity was eliminated 
by incubating the slides in ice-cold 20% (vol/vol) acetic acid. Slides 
were dehydrated in graded alcohols and rehydrated in 45 piL of PCR 
master mix containing 1 pmoVL of each dinitro-phenyl (DNP>-labeled 
primer, 200 /tmol/L of each dNTP, 2.5 mmol/L magnesium chloride, 
and 10 units of AmpliTaq DNA polymerase (AppHed Biosystems). 
Primers were designed to amplify a SCH 58500-specific sequence 
located between the cytomegalovirus promoter (5*-CGTGTC:AC- 
CGTCGTGGA-3') and die upstream p53 cDNA (5'-CCACTC3CT- 
TACTGGCrrATCGAAAT-3'). TOs primer selection prevents the 
amphfication of genomic p53 DNA.^* Reactions were performed in a 
Peridn Ehner Gene Amp In Situ PCR System 1000 (AppUed Biosys- 
tems) programmed for one cycle of dcnaturation at 95<*C for 5 minutes 
arid annealing at 55'*C for 90 seconds. foUowed by 34 cycles of 94'*C 
for 30 seconds and 55*'C for 90 seconds. After completion of the PCR, 
slides were washed two times with standard saline citrate (0.3 mol/L 
NaQ and 0.03 mol/L sodium citrate) and blocked with casein solution 
(Vector, Builingame, CA), For tissue sections, the DNP molecules 
incwporated into the PCR amplicons were detected using an anti-DNP 
antibody conjugated with alkaline phosphatasis (AppUed Biosystems). 
The sections were stained using the alkaline phosphatase substrate 
NBT/BOP (nitro-blue tetraz61iuna/5-bromo-4-chloro-3-indolyl phos- 
phate) (Boehringer Mannheim, Germany) and then counterstained wiA 
Nuclear Fast Red (Vector). As a negative control, each section was 
processed, but the PCR reaction was performed without Ampli- 
TaqDNA polymerase. Samples from rat bladders instilled with SCH 
58500 or a ^galactosidase-expxz^nz adenoviral vector (Ad5./5-gal) 
served as positive and negative controls/ 
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The protein expression of p53,p2J/WAF}, apoptosis-related and ceU 
cycl^related genes, and CAR was assessed by inununohistochemistry 
m formalin-fixed paraffin-embedded tissue sections. Primary antibod- 
ies against p53 (M7001. Dako Diagnostika, Hamburg, Germany) 
P21/WAF1 (M7202, Dako), Bcl-2 (M0887, Dako). Bak (AM04, Cal- 
biochera, San Diego, OA), Bax (Ab.l/PC66, Calbiochem), MTBl (dia 
505, Dianova, Hamburg, Germany), and CAR (a gift from Dr Robert 
W. Hnberg, Dana-Farber Cancer Institute, Boston, MA^^-'^) were used. 
Apoptotic cells were visualized by microscopy foUowing the terminal 
deoxynucleotidyl transferase^mediated dcoxyuridine tiiphosphatc-bi- 
otin nick end-labeling (TUNEL) method^' by means of laser 
scanning cytometry, as previously described.'*** Normal bladder and 
tumor tissue samples^om patients not treated with SCH 58500 served 
as controls. 

RESULTS 

Enrollment and Treatments 

Twelve patients from a single center were enrolled onto 
the study. Baseline characteristics and histologies of the 
study patients are listed in Table 2. Three patients were 
treated at dose level 1 in part A (intratumoral injection) of 
the study. No additional dose escalation was performed in 
part A. Nine patients were treated at three different dose 
levels in part B (intravesical instillation). Eleven patients 
underwent radical cystectomies after study treatment In one 
patient, the tumor was determined to be unresectable witii 
curative intent at laparotomy. Thus, tumor samples for 
assessment of the secondary end points were obtained from 
11 patients treated with SCH 58500 at three dose levels. 

Toxicity 

Postoperatively, one patient treated in part A suffered 
from WHO grade 1 fatigue. No toxicities were observed in 
die otiier two patients treated with intratumoral injection at 



cystoscopy. The predominant toxicities observed in patients 
treated in part B of the study were urethral^ and vesical 
burning, which reached WHO grade 2 in two patients and 
WHO grade 3 in another two patients. In addition, one 
patient each experienced WHO grade 2 and grade 3 abdom- 
inal paiii. These symptoms were relieved in two patients 
treated at dose level 1 by a reduction of the contact time, for 
which die dransuretiiral catheters were clamped. Hence, for 
patients treated at dose levels 2 and 3, die treatment was 
administered in two sequential 30-niinute sessions. Addi- 
tionally, patients treated at dose level 3 were premedicated 
witii 50 mg of pediidine and 20 mg of butylscopolamine. 
Despite diese modifications, die planned contact time had to 
be reduced by several minutes in diree patients treated at 
dose level 2 and in one patient treated at dose level 3. All 
symptoms resolved inmiediately after release of die trans- 
uredu-al cadieter and bladder irrigation witii saline. No 
fever, chills, or odier signs of systemic toxicity were 
observed in patients treated in part B. No alterations of 
laboratory parameters, including liver enzymes and biliru- 
bin, were detected before surgery on day 3. Three patients were 
hospitalized because of fever of unknown origin within 4 to 6 
weeks afto- surgery and quickly recovaied undca* ti^tment 
widi broad-spectrum antibiotics. In cm of these patients, a 
mediidllin-resistant Staphylococods aureus was isolated from 
a catheter. Thus, even at die highest dose level of 7.5 X 10" 
particles SCH 58500 administered by intravesical instillation, 
no dose-limiting toxicities were observed. 

Transgene Expression and Biologic Activity 

In two of du^ assessable patients treated in part A 
(intratumoral injection), vector DNA was found by PCR 
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Abbreviolion: ND denotes not detemiined (insufficient sompling or no cystectomy performed). 

NOTE Tissue somples from Uodder tumors ond nonnol bladder fissue obtained at cystectomy were examined by real-time RT-PCR (p21 RNA) and 
jmmunohislochemistry (p21 IHC). Nomial blodder somples from four patients and tumor samples from five potients not treoted with SCH 58500 served as controls 
tor real-hme RF-PCR (Controls). Results from real-fime RT-FCR are expressed as mean ± SD X 10,000 copies normalized to 1,000 copies GAPDH RNA Results 
from immunohistodiemistiy ore presented as nuclear expression of p21/WAFl in biopsies /before ond after SCH 58500 treatment (< 10% of tumor cells = 0* 
1 1 %-2S% of tumor cells = 1 ; 26%-50% of tumor cells = 2; > 50% of tumor cells - 3). 



analysis of posttreatment tumor samples (not shown). How- 
ever, no transgene expression as assessed by RT-PGR 
analysis of vector-specific p53 expression was detected after 
intratumoral injection of SCH 58500 at cystoscopy (Table 
2). In contrast, vector-specific p53 transgene expression was 
found by RT-PCR analyses of tissue samples from seven of 
eight assessable patients treated with intravesical instillation 
of SCH 58500 (Table 2). 

To address whether the p53 transgene expression trans- 
lated into biologic activity, we determined the quantitative 
expression of the p53 target gene />2i/lFAFi by real-time 
RT-PCR analysis of tumor and normal bladder samples 
from patients treated with intravesical instillation of SCH 
58500 or untreated control patients. The p2IAVAFl expres- 
sion in tumor samples fix)m untreated control patients was 
lower than in normal bladder samples (Table 3). Assaying 
nontumor bladder samples from patients treated witii SCH 
58500 instillation, moderate changes in p21/WAFl expres- 
sion were detected when compared with untreated controls 
(Table 3). However, in tumor samples from patients treated 
at the highest dose level of 7.5 X 10^^ particles SCH 58500 
p2J/WAF], expression was iocreased up to 40-fold com- 
pared with control tumor samples from patients not receiv- 
ing gene tiierapy (Table 3), Inmiunohistochemical analyses 
revealed an increased p21/WAFl protein expression after 
SCH 585(X) treatment in tumor tissues but not in normal 
bladder samples from four patients with undetectable or low 
p21/WAFJ protein expression at baseline CTable 3). No 
significaiit conelation between transgene expression, /727/ 
WAFl induction, and CAR expression, as determined by 
RT-PCR analysis and immunohistochemistry, could be 
established. However, the CAR expression detected by 



immunohistochemistry exhibited a considerable heteroge- 
neity among tumors from different patients as well as 
among different regions of the same tumor (not shown). 
Immunohistochemical analyses of p53 expression or ex- 
pression of additional apoptosis-related or cell cycle-related 
geiies revealed no consistent changes in relation to SCH 
58500 treatment. Moreover, we failed to detect a significant 
induction of apoptosis as assessed by TUNEL staining and 
microscopy or laser scanning microscopy in samples taken 
at cystectomy approximately 48 hours after SCH 58500 
treatment (not shown). 

Taken together, tiiese data demonstrate tiiat a detectable 
p53 transgene expression in bladder tumors can be achieved 
by intravesical instillation of SCH 58500 in combination 
with a transduction-enhancing agent. At the highest dose 
level of 7.5 X 10^^ particles SCH 58500, evidence for 
biologic activity in terms of RNA and protein expression of 
the p53 target gene p2I/WAFl was obtained. 

Vector Distribution 

Using quantitative real-time PCR, SCH 58500 DNA 
copies were detected in normal bladder and tumor samples 
from patients treated witii intravesical instillation in a 
dose-dependent manner, whereas no SCH 58500 DNA was 
found in samples from control patients not treated with SCH 
58500 (Fig ly The demonstration of vector DNA or 
transgene expression in tissue homogenatcs does not pro- 
vide information regarding the transduction efficacy or the 
vector penetration. Therefore, tissue sections from patients 
treated in part B were analyzed by in situ PCR, revealing a 
strong vector-specific signal tiiroughout the whole urothe- 
lium (Fig 2). Moreover, SCH 58500 DNA was also detected 
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in submucosal tumor nodules as well as in cells in the 
propria, nius. intravesical instiUation of SCH 
58500 m combination with a transduction-enhancing agent 
can achieve an uniform vector penetration throughout the 
urothelium as well as into submucosal tumor tissues. 

Virologic Studies 

After SCH 58500 treatment, aU patients in both study 
groups underwent extensive bladder iirigation with 6 L 
saline through a transurethral catheter over a period of 36 to 
48 hours. Excretion of infectious adenoviruses was detected 
by a sensitive flow cytometiy-based assay^ in samples 
taken from the first 2 to 4 L of void volume. No detectable 
jmnaiy adenovinis excretion was found after 6 L of bladder 
imgadon (Fig 3). None of the urine samples taken 24 hours 
after study treatment gave a positive result in the qualitative 
on-site EUSA assay (not shown). 

iong-Term Follow Up 

Nine of the 12 study patients were alive at a median 
follow-up of 30 months. In addition to SCH 58500 treat- 
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ment and radical cystectomy, two patients received a 
platmum-based adjuvant chemotherapy regimen. In one 
patient treated in part A, fiihninirt liver metastases devel- 
oped 4 weeks after surgery, which were not detectable on 
computed tomogram and ultrasound examinations per- 
formed at the preoperative staging. The patient was treated 
with paUiative chemotherapy, but he died from progressive 
hver fadure 7 weeks after cystectomy. One patient treated in 
part A developed a Mycoplasma pneumonia during adjuvant 
chemotherapy. In total, three patients died from disease 
progression, and one patient is being treated with palliative 
chemotherapy for recurrent disease. 



: DISCUSSION 
A major chaUenge in the conservative management of 
locahzed bladder cancer is the frequent recuirence and 
progression to an advanced tumor stage in patients with 
high-nsk tumors.^* To improve disease control. local tumor 
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resection is combined with intravesical therapy with bacil- 
lus Calmette-Guerin or anticancer agents.^ However, these 
treatments have a substantial toxicity and may reduce the 
risk of recurrences but do not prevent disease progression.^'^ 
Thus, new treatment options for high-risk superficial blad- 
der cancer are required. Mutations of the p53 tumor sup- 
pressor gene are frequently found in bladder cancer, are 
associated with an adverse prognosis in some studies, and 
may contribute to a more aggressive clinical course and 
resistance to anticancer treatment. ^^ '^ In an ortopic injec- 
tion model of bladder cancer, p53 gene transfer acted 
synergistically with cisplatin to prevent tumor growth and 
induce apoptosis in vivo.^' 

In the present phase I study, we tested whether adenoviral 
vector-mediated wild-type p5i gene transfer is safe, feasi- 
ble, and biologically active in patients with invasive bladder 
cancer. Taking advantage of the anatomy of the bladder, we 
planned to evaluate two different modes of vector adminis- 
tration: the intratumor^ injection of vector solution, be- 
cause it has been performed in several clinical studies of 
cancer gene therapy,*''"^* and the intravesical vector instil- 
lation via a transurethral catheter. Because preclinical stud- 
ies convincingly demonstrated that the transduction efficacy 
of adenoviral vectors instilled into the bladder can be 
dramatically enhanced by the addition of several com- 
pounds,^-^^ here we administered intravesical SCH 58500 
in combination with the transduction-enhandng agent Big 
CHAP.^* Both modes of administration of the smdy treat- 
ment, intratumoral injection at cystoscopy and transurethral 
intravesical instillation, were well tolerated and devoid of 
any detectable systemic toxicity. Successful gene transfer 



after intravesical instillation of SCH 58500 in combination 
with Big CHAP was detected by RT-PCR analysis in seven 
of eight assessable patients. Moreover, evidence for bio- 
logic activity of the transgene, as determined by quantitative 
RT-PCR analysis of RNA expression as well as by immu- 
nohistochemical analysis of protein expression of the p53 
target gene pllPNAFl^^ was found in patients treated at 
higher dose levels. Transgene expression did not seem to 
correlate with the CAR expression status of the tumor 
samples as determined by RT-PCR analysis and immuno- 
histochemistry. However, the relatively small number of 
patients enrolled onto this study and the detection methods 
for CAR expression might have influenced tfiis result. 
Compared with the effective transduction achieved by 
intravesical vector instillation, no evidence for transgene 
expression was detected in the three patients treated by 
intratumoral injection of SCH 58500 at dose level 1, 
whereas SCH 58500 DNA sequences were detectable in two 
patients by PCR analysis. This was surprising, given that in 
a previous study in patients with NSCLC treated by intra- 
tumoral injection of SCH 58500, p53 transgene expression 
was detected in four of five assessable patients receiving the 
same vector dose of 7.5 X 10*^ particles.^*^ Because 
intratumoral vector injection at cystoscopy is a relatively 
invasive procedure compared with transurethral vector in- 
stillation, it was decided not to proceed with the dose 
escalation in part A of this trial. Hence, we cannot exclude 
Aat at higher dose levels, a p5S transgene expression in 
bladder tumors would have been achieved by intratumoral 
injection of SCH 58500 at cystoscopy. Furthennore, the 
addition of Big CHAP or other fransduction-enhancing 
agents^* might also be beneficial in the case of intratumoral 
vector injection in the bladder. However, in the light of the 
efficacy and ease of the intravesical instillation approach, 
intratumoral vector injection at cystoscopy clearly is the 
inferior approach for vector administration in bladder 
cancer. 

In contrast to the results obtained with the p53 target gene 
we found no consistent changes in the expres- 
sion of p53, various cell cycle-related or apoptosis-related 
genes, or TUNEL staining in response to SCH 58500 
administration. This observation might be limited by the 
small number of patients enrolled onto the trial and the 
availability of only a single time pomt for these examina- 
tions. Moreover, the activity of many genes regulating 
apoptosis is not controlled by their expression level but by 
conformational changes or changes in their subcellular 
localization,"*^ which cannot be detected by the methods 
applied in this study. Nevertheless, the p22/WAFI response 
is a valid marker for biologic activity of transgenic p53, 
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which has been coiifinned in additional settings of clinical 
p53 gene therapy .^^ "^^ 

In addition to molecular and imraunohistochemical evi- 
dence for transgene expression and biologic activity, impor- 
tant information related to the vector distribution throughout 
the bladder and vector penetration into tumor tissues was 
gathered from this trial. We demonstrated by quantitative 
PGR analysis that administration of higher particle doses 
resulted in the recovery of higher copy nunibers of SCH 
58500-specific DNA from tissue samples (Fig 3). This was 
not unexpected; however^ it suggests that together with the 
evidence for increased pU/WAFl expression at high doses, 
a plateau of the biologic activity was not reached by the 
intravesical instillation of 7.5 X 10^^ particles SCH 58500. 
Presently, technical limitations preclude the administration 
of a more concentrated adenovirus solution, leaving this 
issue unresolved. With respect to the vector distribution 
after intravesical instillation, we found a uniform distribu- 
tion of SCH 58500 DNA throughout the normal urothelium 
and the luminal tumor tissues by in situ PCR analysis of 
bladder sections. Moreover, vector DNA could also be 
found in apparently submucosal tumor nodules as well as in 
cells in the Lamina propria. These results confirm the 
hypothesis that the instillation approach results in an im- 
proved vector distribution. In addition, they demonstrate 
that even submucosal tumor cells^ can be targeted by the 
luminal administration of an adenovirus in combination 
with a transduction-enharicing agent in die bladder. 

The optimal dosing schedule for intravesical SCH 58500 
instillation remains to be established. Because of the pro- 
cedure-associated discomfort observed in most patients 
treated in part B of this study, the contact times varied 



considerably. Yet SCH 58500 penetration and transgene j 
expression analyses yielded promising :ie$ults. It seeins [. 
likely that even shorter contact times than die ones aUbwed 
in the course of this trial might result in sufficient transdiip- : 
tion rates with lower local toxicity, a hypothesis support^ 
by initial data from preclinical in vivo models. The intra- 
vesical instillation of SCH 58500 through k transurethfai 
catheter also is environmentally safe, because infectious ad- 
enoviruses excreted in the urine after SCH 58500 treatment can 
easily be recovered in a contained system. The virologic 
studies performed in this trial suggest that if^the bladder is 
sufficientiy irrigated, infectious viral particles are only excreted 
with the first 4 L of irrigadon fluicL Hiis could minimize 
hospitalizations and could even allow outpatient treatment 

The design of die present phase I study precluded the 
collection of data regarding die long-term effects of the 
intravesical administration of such higltVector doses as well 
as signs for clinical efficacy. However* important and 
unique data demonstrating effective vector distribution, 
transgene expression, and biologic activity after a clinicaUy 
practicable and safe gene transfer procedure were obtained 
in patients witii invasive bladder cancer. These results 
provide a strong rationale for future investigation of adeno- 
virus therapy in bladder cancer and support trials addressing 
die clinical efficacy of intravesical SCH 58500 treatment in 
patients witii superficial high-risk bladder cancer. 
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